We propose that mycorrhizal colonization of roots alters nonhydraulic root to shoot communication of soil drying. Split-root rose (Rosa hybrida L. cv Samantha) plants-one side of the root system colonized by Glomus intraradices Schenck & Smith, the other side nonmycorrhizal-displayed different stomatal conductances upon partial drying, depending upon whether mycorrhizal or nonmycorrhizal roots were dried. No differences in leaf water status were observed among control plants and those whose mycorrhizal or nonmycorrhizal roots were dried.
VA' mycorrhizal symbiosis can modify relationships between stomatal conductance and both soil water content (6) and shoot water content (5) . In some cases, the mycorrhizal effect is a result of phosphorus deficiency in nonmycorrhizal controls (9, 15) . When (3, 6, 12) or subjected to soil drying (6, 14) . Various hypotheses unrelated to nutrition have been offered to explain how the symbiosis might influence host stomatal conductance, particularly during drought. These include increased water uptake via soil (extraradical) hyphae (8) , altered radial or axial hydraulic conductivity of roots (13) , altered hormonal relations (13) , and altered root system architecture ( 16) . Mycorrhizal changes in root hydraulic conductivity have been ascribed to changes in plant phosphorus status (2, 1 1) . Hormonal studies with VA mycorrhizal plants have been inconclusive. The most popular notion is that soil hyphae greatly increase the absorptive area of root systems, acting as tiny conduits that move water into roots (8, 12) .
The discovery of nonhydraulic root to shoot communication (7, 18, 20) reveals another possibility. Root dehydration in drying soil presumably triggers or elevates production of a chemical signal in roots that serves as a sensitive measure of soil moisture availability (20) . One putative signal, a positive 'Abbreviations: VA, vesicular-arbuscular; mycor. H20/nonmycordry, plants whose mycorrhizal roots were watered daily and whose nonmycorrhizal roots were allowed to dry after day 0; mycor-dryl nonmycor-H20, plants whose nonmycorrhizal roots were watered daily and whose mycorrhizal roots were allowed to dry after day 0; ', water potential; RWC, relative water content.
inhibitor (10) and likely ABA (20) , moves via the transpiration stream (19) to leaves where it may reduce leaf growth rates (10, 18) and/or stomatal conductance (10, 20 Morning and afternoon stomatal conductances were averaged; n = 50 for control plants, n = 40 for mycor -H20nonmycor dry and mycor dry/nonmycor-H20 plants. Roots in one pot of each plant were inoculated with the VA mycorrhizal fungus Glomus intraradices, roots in the other pot were nonmycorrhizal. Both pots were wellwatered until day 0, when water was subsequently withheld from either mycorrhizal or nonmycorrhizal roots. Controls = both mycorrhizal and nonmycorrhizal halves of the root system watered daily, MwNd = plants whose mycorrhizal roots were watered daily and whose nonmycorrhizal roots were allowed to dry after day 0 (abbreviated mycor-H20/nonmycor-dry in text), NwMd = plants whose nonmycorrhizal roots were watered daily and whose mycorrhizal roots were allowed to dry after day 0 (abbreviated mycor-dry/nonmycor-H20 in text). 
RESULTS
Five days after withholding water from halfthe root system, stomatal conductance of mycor dry/nonmycor. H20 plants had declined to about 90% of control plants (Fig. 1) Rose plants were grown with roots divided between two pots. Roots in one pot of each plant were inoculated with VA mycorrhizal fungus G. intraradices, roots in the other pot were nonmycorrhizal. Control plants = both mycorrhizal and nonmycorrhizal pots watered daily; mycor-H20/nonmycor-dry = plants whose mycorrhizal roots were watered daily and whose nonmycorrhizal roots were allowed to dry after day 0; mycor dry/nonmycor-H20 = plants whose nonmycorrhizal roots were watered daily and whose mycorrhizal roots were allowed to dry after day 0. Analysis of variance with linear contrasts revealed no significant differences among soil drying treatments in either parameter on any day. 
DISCUSSION
No detectable differences were observed among treatments in leaf T or leaf RWC during the drying period; therefore, stomata of half-dried plants were apparently responding to nonhydraulic, root-sourced signals rather than to loss of leaf hydration. The magnitude of the declines in stomatal conductance, to about 80% of controls, was similar to that noted previously for apple under comparable conditions (10) . Root signals from partially dried root systems of other species have evidently resulted in larger declines in stomatal conductance (17, 20) . In maize, for example, stomatal conductance dropped to 25% of fully watered controls (20) , although in (18) no declines in stomatal conductance were observed with partial soil drying.
Stomata responded differently depending on whether dried (or watered) roots were mycorrhizal or nonmycorrhizal. In pots allowed to dry, mycorrhizal roots may have extracted soil moisture more rapidly than nonmycorrhizal roots, resulting in more rapid dehydration of soil and roots and, thus, more rapid production of the stress signal. Nonmycorrhizal and mycorrhizal root systems had similar mass when drying commenced, but most hyphae remain in soil during root excavation and are not included in measurements of root mass. There is evidence for (8, 12) and against (16) substantial hyphal contributions to water uptake. We sampled soil I, but our sampling began after soil in the middle of pots, where rooting densities were greatest, had dried to below -1.5 MPa. Stomatal conductance of Rosa leaves typically begins to decline when soil ' reaches c-0.5 MPa (RM Auge, unpublished observation). Additional work, including more frequent and thorough measurements of soil I, is required to determine whether mycorrhizal and nonmycorrhizal root systems of similar size dehydrate soils at similar rates. Alternatively, increased production of the signal in mycorrhizal roots may have begun at higher soil I than in nonmycorrhizal roots. Unstressed mycorrhizal Rosa roots have previously shown larger declines in bulk symplastic volume as root I declined than nonmycorrhizal roots (4) , and turgor has been lower in mycorrhizal than nonmycorrhizal roots of unstressed Rosa (4) and cowpea (RM Auge, unpublished observation). Root signal concentrations are presumably regulated by root turgor (7) . Hence, it is possible that with soil drying, turgor in mycorrhizal roots declined sooner than in nonmycorrhizal roots to the "threshold" required for elevated signal production. It is also possible that mycorrhizae-induced changes in ABA levels of unstressed host leaves (1) modify leaf response to hormonal signals from roots in drying soil.
